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Description 

[0001] The present invention generally relates to data processing systems for tracking and manipulating data cor- 
responding to fixed inconrte portfolios and to a corresponding method. 

5 [0002] A sizable portion of Investment vehicles available in today's financial markets are universally characterized 
as fixed income securities. Exemplary fixed income securities will encompass government bonds, bills and notes auc- 
tioned at regular intervals by the U.S. and other foreign governments to finance governmental activities. These, of 
course, are some of many types of fixed income securities, others include corporate bonds, municipal bonds, etc. The 
common thread running between all fixed income securities is the payment of a set return to the investor over the life 

10 span of the security. 

[0003] There are two forms of fixed income return to the investor. The first Involves the provision of coupon payments 
at regular intervals, at the stated interest rate of the security. For example, a ten-year note may specify an 8% rate of 
interest on a $1,000 par value with coupons coming due twice each year for ten years. This translates to two $40 
payments to the holder of the note for ten years with a final payment of $1040 (principal and interest). The other fonm 

15 of bond is called a zero coupon, or discount bond which provides no payment except for the final return of the face 
value of the bond at a specified date (e.g. ten years from issuance). The discount bond is sold at some fraction of its 
face value, with the interest rate discount being a function of this and the term of the bond. 
[0004] The fixed income securities distributed by the United States Government are known as U.S. treasuries. These 
instruments span maturity terms of 1 3 to 52 weeks (T-biils), one to ten years (notes), and up to 30 years (bonds). The 

20 T-bills are pure discount securities having no coupons. Ail other treasuries having longer terms are coupon notes or 
bonds, with a defined payment cycle of semi-annual payments to the holder. 

[0005] Treasuries have characteristic properties that make them especially useful for the purposes of the present 
invention and. therefore, are used exclusively in the following discussions,. with the fundamental tenet that the principles 
may be applied to other types of fixed Income securities without departing from the inventive concepts. One important 
25 attribute of treasuries, In the context of the present invention, is the minimal and uniform default risk; the issuance of 
U.S. government paper removes the default risk as a defining criteria in the relative pricing of treasuries in the market 
place. 

[0006] Treasuries are auctioned by the U.S. govemment at pre-established auction dates. The price for the treasuries 
having a face value with a set coupon rate will define the actual yield of the security. After the auction, the treasuries 

30 enter the secondary market and are traded typically •over the counter", i.e., without a defined exchange. As inflation 
expectations and market conditions change, the prices of the recently auctioned treasuries fluctuate. These price 
changes are reflected by competing bid and ask prices communicated among brokers and dealers in the secondary 
market. For example, the yield of a given treasury Increases as its price drops in the market reflecting an overall 
increase in the interest rates for that term of security. 

35 [0007] The newly auctioned securities are traded with and in conjunction with the securities issued In earlier auctions, 
in this context, some securities are traded more often than others and are called the "actives'; these usually correspond 
to the recent issues as opposed to the older securities in the mari<et. Indeed, some older securities are infrequently 
traded, creating an illiquid market that may or may not reflect the true market determined Interest rate for that maturity 
length security. 

40 [0008] In January. 1992, there was a total of approximately $1.7 trillion of U.S. notes and bonds outstanding. The 
majority of issues in dollar terms are short term. The profile of maturities (i.e.. the expiration date of the security) 
indicates that $730 billion or 43% of the total will mature over the period between 1994 and 2002 (2 to 10 years out). 
Another 34% will mature in 1993 and 1994 and about 3% from 2003 and 2005 and 20% maturing between 2006 to 
2021 . In this context, the period between 2 and 1 0 years out in time incorporates a concentrated portion of the entire 

45 market. 

[0009] Treasuries are sold by the govemment to fund projects, mandated payments and make strategic investments 
that cannot be paid by current receipts. Treasuries are purchased by individuals and institutions for a variety of reasons, 
including tfie protection of principal with a low risk investment vehicle and the generation of known future cash flows 
to fund the needs of, e.g., pension participants. 

50 [0010] As can be realized by the foregoing description, the very size and diversity of the treasury mari<et implicates 
an unprecedented level of sophisttoation by market participants in the pricing and transactions Involving these securi- 
ties. The very complexity associated with the transactions and the scale of trading undertaken by institutional partici- 
pants necessitates a rigidly structured approach in trading. The capital at stake and the fluidity of future commitments 
make it critical to have a method of measuring the performance of portfolio managers, so that plan sponsors for the 

55 pension plans and the like can precisely detennine whether the capital under their control is properly Invested. 

[0011] In the past, the only barometer for fixed income investing was the stated price and yield for one or more 
specific instruments such as the 30 year treasury bond. These yield values would be quoted on an ad hoc basis as a 
general measure of market position and direction. More recently, several targe brokerage houses have developed 
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different indices to track the fixed Income market beyond the single price issue. For example, Shearson-Lehman Amer- 
ican Express has developed a T-Bond Index value that calculates a weighted average of every bond in circulation. 
Other indices exist with similar mechanisms for tracking the credit marketplace. 

[0012] There are several significant drawbacks to the use of these forms of indices. The actual value is calculated 
at the close of the financial markets and, therefore, is not a real time detenmination. and, In fact, rapidly becomes stale 
as trading continues overseas and during the next trading day in the United States. 

[0013] Other problems also exist; taking the entire market into account necessarily includes lightly traded issues that 
skew the final value from extant market conditions. This is so as these lightly traded issues do not accurately reflect 
the term structure of interest rates as other investment criteria, e.g., tax implications, control their market price. 
[0014] There has also been a significant need for a hedging instrument on fixed income investing. In this context, 
an investor might purchase a portfolio of long term bonds that are sensitive to small changes in interest rates; to hedge 
this investment, this investor would enter a futures contact to sell instruments at a specific date in the future. Alternatively 
and more desirably, the hedge could be made with an index corresponding to a defined set of securities. This is not 
practical with the presently available indices due to their reliance on a broad spectrum of securities in the defining 
basket; this precludes effective utilization of these indices as a basis for trading futures or option contracts. 
[001 5] L. Koflowitz presents a survey of personal computer based software for fixed Income securities software (Wall 
Street Computer Review, Sept. 1 989 Vol. 6 #12, p. 40-56). 

[0016] According to that article a number of real time systems are available, however the article does not disclose 

a satisfactory solution to provide an actual index for fixed income securities based on incomplete information. 
[0017] From the above, it is apparent that there remains a substantial void in the credit markets and a corresponding 
need for a real time barometer of the fixed income securities marketplace for the evaluation of portfolio performance, 
the trends and current market conditions, and the trading of indexed future and option contracts for fixed incomes 
securities. 

[0018] It is, therefore, the object of the present invention to provide a system for a real time delineation of a market 
barometer and a method for providing a real time Index which overcomes the drawbacks of the known systems and 
methods. This object is solved by the method according to independent claim 1 and the system according to independ- 
ent claim 5. Further advantageous features, aspects and details of the Invention are evident from the dependent claims, 
the description and the drawings. The invention relates to data processing methods and apparatus directed to the real 
time determination of selected fixed income indices for the use in accurately gauging interest rate profiles in real tirtie 
and managing a specifically delineated set of automated transactions relating thereto. 

[0019] The present invention provides a system for selectively reducing a substantial amount of market data into a 
simplified index instrument for use to measure the characteristics of the credit markets associated with the trading of 
fixed income securities. 

[0020] According to another aspect of the present invention a system is provided for collecting in real time information 
on current market activity in fixed income securities and processing this information to quantity the term structure of 
interest rates in real time. 

[0021] According to a further aspect of the present Invention an apparatus is provided for the select processing of 
several types of data wherein date is qualified prior to use and translating the qualified data into a temn structure of 
interest rates for a hypothetical portfolio of predetermined fixed income securities. 

[0022] According to still another aspect of the present invention a system is provided tor generating a real time 
barometer of the fixed income market and delineating an index value associated with a basket of fixed income securities 
for use in support of automated trading in futures and options contracts. 

[0023] The above and other aspects of the present invention are realized In a specific Illustrative data processing 
system for the compilation of large quantities of disparate market data into discrete data files of varying reliability. The 
data is thereafter qualified and then processed to calculate on an Iterative basis the temn structure of interest rates in 
real time for a defined cross-section of the fixed Income securities marketplace. These values are then used to price 
a select, specifically, delineated portfolio of fixed income securities having varying terms to bridge an appreciable cross- 
section of the active market in fixed income securities. The forgoing portfolio is characterized in terms of an index value 
having a current market price (discount or premium from par), a true yield to maturity value (YTM) and a quantified 
duration. As market conditions change, the processor selectively updates some or all of the governing securities and 
based thereon modifies the index pursuant to a pre*established criteria. 

[0024] In accordance with the varying aspects of the present invention, the system further includes an automated 
trading module for receiving market qualified buy and sell instructions for futures and options contracts tied to the 
basket of securities forming the index. 

[0025] The foregoing features and benefits associated with the present Invention may be more fully appreciated 
pursuant to the following detailed discussion of a specific embodiment thereof, taken In conjunction with the Figures 
appended hereto, wherein: 
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Figure 1 is a functional block diagram of the discrete components forming the network associated with the present 
invention; 

Figure 2 is a logic flow chart depicting the processing path for the data acquisition and qualification module of the 
present invention: 

5 Figure 3 is a logic flow chart depicting the processing logic for the determinatbn of the present term structure of 

interest rates based on the current qualified data matrix; 
Figure 4 is a logic flow chart depicting the real time update operation; 

Figure 5 is a logic flow chart depicting the processing associated with the determination and distribution of the 
Index Value; and 

10 Figure 6 is a logic flow chart depicting the information flow associated with managing futures/options transactions 

providing a least expensive portfolio of securities for delivery. 

[0026] Turning now to FIG. 1 , the overall information paths of the present invention are presented in block diagram 
form. Beginning with block 10, market data is collected from a plurality of on-line terminals operated by traders within 
IS the relevant bon6 market sector. A continual exchange of information flows between the traders, depicted in block 10, 
and the system proprietor, block 20, i.e., as bids, offers and trades are transacted in real time. This Infomnation is 
collected by the system proprietor and entered into the data processor database. 

[0027] On-line market data is then transferred to the data filter and enhancer rhodule, block 40, which acts to clarify 
and articulate the continuous incoming market data for use, e.g., by data vendors, block 30. One aspect of the data 

20 enhancer operation will be the conversion of on-line trading infomnation into digital form for transmission to the classi- 
fication processor, block 50. The operation of the classification processor is directed to creating a data set in proper 
format for further manipulation. This includes the generation of a coordinated array of data in matrix format. 
[0028] Once properly fomiatted» the on-line market data is then transmitted to the index processor, block 60. for 
determination of a real time index value. This information is then loaded into the index database, block 70, and then 

25 passed to the distribution processor, block 80. 

[0029] The foregoing operation will result in the final real time index value in temns of portfolio price, portfolio yield 
to maturity (YTM) and portfolio duration for distribution within the fixed income investment community. In the context 
of the present inver^tion, three segments of this community are provided with the data. At block 90, system pi^oprietors 
involved in automated options processing are provided the index values for quantifying and closing specific options 

30 positions pursuant to the trading of option contracts on the indexed portfolio. In a similar manner, at block 110 the 
portfolio index data is provided to system proprietors regarding futures contracts to permit proper transactions in closing 
of future contracts based on the portfolio index. 

[0030] The third channel of distribution for the portfolio index data is to the data vendors supplying the aforementioned 

index infomnation, at block 100. This is followed by the continual distribution of the index values to traders and brokers 
35 within the investment community, block 120, the support of automated trading, block 130, and finally declaring and 
reporting functions associated with such trading, block 140. 

[0031] The above-identified processing modules for receiving market data and calculating a portfolio index based 
thereon are governed by a systems controlled program. As illustrated hereinbelow. this program Is exemplified by 
several discrete modules for inter alia the selection and qualification of incoming data (FIG. 2), the determination of 
40 the term structure of interest rates (FIG. 3), updating the temn structure with current price informatior) (FIG. 4). the 
determination of the portfolio index characteristics based on the real time computer generated rate structure (FIG. 5). 
and the support of automated futures options transactions (FIG. 6). 

[0032] Rrst briefly in overview, the temi structure determination is a math-intensive operation directed to the solution 
of multiple relationships comprising a like number of unknown quantities. These relationships involve the determination 
45 of the net present value of a future cash flow based on current information regarding the date of the future cash flow 
and current prteing. 

[0033] Often, the data set is incomplete; therefore, the system employs interpolation techniques to provide missing 
points In the term spectrum. As provided below, the missing elements will Invariably be close in time (e.g.. within six 
months) of valid data points. This permits the use of linear interpolation for bridging missing data points with a reason- 

so able degree of accuracy. 

[0034] During the updating phase, the new price data will often reflect significant market movement, but will not 
displace the entire data set. The present invention, therefore, employs the use of pivot points, i.e., the updated values 
of price are used to *pivot* the entire term structure, including securities that have not been updated. 
[0035] Once the real time term structure is characterized, the system quantifies a generic portfolio of securities com- 

ss prising the following elements: 
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TABLE I 



5 



Term (yrs.) 


Coupon % 


Face Value 


2 


5 


$ 250,000 


3 


5-1/2 


$ 250.000 


5 


6 


$ 250.000 


10 


7 


$ 250.000 



10 [0036] This portfolio of four U.S. treasury notes has a total value of $1M, a duration of approximately 4.2 years and 
a yield to maturity of almost 6.25 when the four notes are each priced at par. 

[0037] The foregoing portfolio Is then market priced based on the current term structure previously calculated. The 
portfolio value Is then presented In terms of an average par value (e.g.. 104) with YTM and duration values. This Index 
is particularly useful in tracking the treasury market, measuring portfolio performance and governing select futures/ 
options contract trading. 

[0038] With the foregoing brief dissertation, an illustrated implementation is presented hereinbelow, 
[0039] The first operation involves the qualification of the incoming market data transmitted to the system. This is 
accomplished via the logic structure depicted in FIG. 2. Logic conceptually begins at block 200 and proceeds to block 
210, initiating the index variable loop assigning memory address locations for incoming price data, block 220. The first 
operation is to determine whether incoming data represents "closing" figures associated with the end-of-day trading 
(i.e., fixed in time). A positive response to test 230 branches logic to block 240 wherein a first matrix of price information 
is formatted from the incoming closing data. In the context of the present example, this closing data could represent 
the final price information received on a daily basis from the United States Federal Reserve for the United States 
Treasury market. As this information represents a complete set of price data at a fixed point in time, it is labeled "P* 
for proper, block 250. 

[0040] Assuming a negative response to test 230, logic continues to test 270 wherein the instant transaction is qual- 
ified as an active (most recently auctioned issue) treasury. A positive response to test 270 branches to block 280. At 
block 280, the current transaction data Is assigned into the matrix of data values for actives A(l, N), Alternatively, a 
negative response to test 270 bypasses block 280 and the security will remain in the X(l, N) file set, 
30 [0041] The next sequence of operation involves data qualification, h/lore particularly, as the system receives an in- 
coming stream of price information for plural securities, it must discern the validity and quality of the data on an instan- 
taneous basis. This incoming data will include both bid and ask quotes for a given security and possibly a transaction 
price. The filters within the system for data screening purposes are fluid to the extent that practice and historical results 
will influence the relative weight given any filter factor. For example, during Initial operation all actives will be considered 
good data so that a sizable database may be quickly accumulated. At some subsequent time, an active filter criteria 
may be employed to enhance the overall quality of the ensuing models generated from the actives. 
[0042] Continuing with Figure 2, test 290 queries whether a given security requires qualification. A positive response 
branches logic to block 300, where the first criteria applied Involves measuring the spread between the bid and ask 
price currently quoted, SPD{I, N). At test 31 0, the current spread for that security Is compared with a preset price spread 
maximum value, SPD^ax- "^'s preset spread limit is adjustable and may be Initially set at 5/32 seconds; i.e., a difference 
between bid and ask sides of the market of 5/32 seconds. A positive response to test 310, branches to block 320 
wherein the system discards the price information for that security. This data Is removed from the data set because 
such a wide spread reflects unusual market conditions for that security. 

[0043] A second criteria for retaining data involves comparing current bid/ask pricing with recent bid/ask pricing for 
differing securities. For example, if the current ask price of a given security is less than a recent bid price of the same 
or analogous security, this reflects a rapid shift in market conditions rendering the recent data unreliable. This process 
Is depicted in test 330, which is performed after performing block 320 or after a negative response to test 310, with a 
positive response branching to block 340 for the removal of the disqualified data. 

[0044] The remaining data sets are thereafter stored in matrix address format. After removing disqualified data at 
block 340. determining a negative response to test 330, or determining response at test 290, at block 350. the active 
data is stored at A(l) and, at block 360. the inactive data is stored at matrix address X(l). This is repeated for each 
security on the data set via next command, at block 370, and continues in real time via block 380. In fact, except for 
the closing data, most, if not all, Incoming transactions will be received on an asynchronous basis thereby creating a 
fluid database for processing In connection with the following logic commands. 
ss [0045] The first phase of system operation Is directed to the preparation of the temn structure of interest rates at a 
pre-selected time. By definition, the term structure provides a set of spot rates sufficient to price a given note based 
on the note price data, the coupon rate and coupon payment cycle. Assuming a note with five remaining coupons, the 
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term structure and associated spot rates corresponding with the five coupon dates and the current price data provide 
the requisite information to set up the N equations with N unknowns - in this case N = 5 ~ for simultaneous solution. 
The actual underlying mathematics is well known and explained in text materials, such as Strategic Fixed Income 
Investment by Thomas S.Y. Ho, Dow Jones-Irwin Homewood, Illinois 60430. 

5 t0046] The necessity of actual data multiplies as the number of securities increases with a corresponding number 
of simultaneous equations for solution. As the data needs increase, a data filter must be established to confirm the 
viability of select data entry. This process is depicted in detail in Figure 2. As presented therein, a complete set of data 
is available at select times associated with market closing, etc. This is exemplified by the closing price data released 
by the Federal Reserve for the securities traded each day. 

10 [0047] Taking the closing data as the starting data set, the entire term structure can be established spanning, e.g., 
ten years. Generating this term structure and the associated spot rates is accomplished in accordance with the functions 
depicted in Figure 3. In this context, spot rate is the market established rate of Interest to a given maturity date in the 
future, e.g., the date associated with a coupon payment. This spot rate is required for the determination of the net 
present value (NPV) of the future coupon payment given toda/s market conditions. As will be seen, the price of a given 

1$ note is the sum of the NPVs of each of its coupons and the NPV of the final return of principal at maturity 

[0048] Turning now to Figure 3, logic conceptually begins at block 400, proceeding to block 410 for the accessing 
of the final closing numbers of a set of relevant securities, i.e.. the final Fed data on the treasuries for that day. This 
set of data will include bid, ask and trade price data for each security actively marketed during the day. The system 
couples this data with the underlying biographies for each security creating a proper set of data that provides the coupon 

20 dates, coupon rate, remaining coupons, and maturity date, stored in matrix form at P(l, N), wherein I is the security ID 
counter and N is a date/time counter. 

[0049] The table of variables used in the following flow diagrams is depicted hereinbelow: 



[0050] The proper set P, of data provides all the Information required to set up and solve the simultaneous equations 
35 to define the term structure of interest rates spanning these securities. The first processing step is the sort operation, 

block 420, which arranges the security database P(l, N) by maturity date. i.e. eariler maturing securities are prioritized. 

At block 430, the delivery date, DD is entered and logic then proceeds via loop command 440 to test 450. At this stage. 

the system determines whether the security is coupon bearing; if not (e.g., a T-bill), logic branches to block 460 for 

accessing price information for the security. To solve for the spot rate, two equattons are set up for the security price. 
40 These equations are presented below: 



TABLE 



25 



Date_X(l) 

Coupon X(l) 

Coupon bate_J((l.}) 
rX(l) 

Discount__X(l) 

P 

U 



= maturity date of X(l) 
= coupon rate for X(l) 
= date of Jth coupon for X(l) 

= spot rate to date ^X(I) 

s discount rate of X(l) 
= subset X (proper) 
= subset X (updates) 



30 




(1) 



45 



50 



Prlce.P(l)=J^ 



wherein 



55 




and 



6 



Y = 
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Pate^P(l)-DD 



{CouponDate„P(l,N+1)-CouponDate_P(l,N))' 



1 00 is the face value of the security; and 

360 Is the convention for the number of days In a year for a T-bill security. 

[0051] By setting these two price equations equal to each other, the spot rate defined by this security can be deter- 
mined: 



JO 



15 



rP(I) = 2* 



1- .-~.rt:.AA ♦Discount P(l) 

\, V 360 ; ^ ^ ' 



-1 



(3) 



wherein 



20 



25 



30 



[0052] For T-bills, no coupons exist, thus simplifying the above relationship. The calculated spot rate is solved at 
block 470 and then stored at block 480; logic then proceeds to the next security 1+1 via continue command at block 490. 
[0053] Assuming a positive response to test 450, the security is coupon bearing and logic proceeds to block 500. et 
seq., for the discounting of the security and all of its associated coupons for the spot rate determination. The first step 
is to adjust the security price for accrued interest associated with the next coupon payment. This is accomplished with 
the foltowing relationship: 

Price_P(l) = Price_P(l) + ^^^2y^5^ (4) 



wherein 



35 



A = [DD-Coupon Date P(I.N)]/[Coupon Date_P{l,N+1 )-Coupon Date.P(l,N)] 



40 



45 



50 



55 



[0054] At block 510. the system sets the number of remaining coupons associated with the instant security TC to 
act as a counter for tlie iterative ensuing processing. This is initiated by loop command 520, block 526 and test 530. 
At block 525 and test 630, the system determines whether the coupon date associated with the instant security matches 
the maturity date of a security in the P(l, N) database. If so, the spot rate for that coupon is calculated, as above, using 
the price data at block 535; if a match is not found with an existing maturing security, the system logic branches to 
block 540 and Interpolates from existing maturity dates on either side of the coupon date. The use of linear Interpolation 
is a reasonable approximation, as the maximum length of time between maturing securities is six months. 
[0055] After performing the operations at blocks 535 or 640, this process is repeated for each value of J. via block 
550, and then the resultant data is used to calculate the spot rate for the Ith security. rP(l. N), at block 560. This is 
repeated for the entire set of securities from the closing price data, at block 570, and stored for subsequent use, at 
block 580. 

[0056] Use of closing data from the Federal Resen^e provides a complete set of data at a set point in time. After 
time, it becomes stale and needs to be updated rapidly with incoming asynchronous data on current transactions taking 
place In the market. This is accomplished via the flow path depicted in Fig. 4. Logic conceptually begins at start block 
600 and inputs the data for the set of qualified actives in real time (i.e., within seconds of actual changes in a security 
price in terms of offer, bid and trade values) at block 610. The data for the actives A(l, N) is compared at test 620 to 
the existing proper set P(l, N-1) for the previous time cycle (N-1) to discern whether new information is available on 
an existing security. If yes, logic branches to block 630 and the new price data Is used to update the spot rate for that 
security, via block 640. 

[0057] Assuming a negative response to test 620 as no new data is received for a given member of the proper set, 
logic branches to block 650 for use of proximate securities having new price data as pivot points to recalculate the 
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spot rate for the security without updated information, block 660. More particularly, the spot rate of the security that 
has not been updated is calculated as a convex combination of the two nearest spot rates for which there is new 
(updated) information. The updated spot rate data Is used to complete the data set, block 670. 
[0058] The spot rate data set, as continuously updated with new trading information, is used to price a generic portfolio 

5 of select securities as expressed in terms of price relating to par. yield to maturity (YTM) and duration. This is accom- 
plished for the exemplary portfolio described above by the logic path presented In Fig. 5. Logic conceptually begins at 
start block 700, followed by test 710, which determines whether the data set is closing or updated continuously; If 
closing (yes to test 710), logic proceeds to block 730 and the proper closing data on the term structure is used. If 
asynchronous (no to test 710). the update set of data is used, block 720. 

10 [0059] In either event, the previous index values for the portfolio are loaded, block 740, and then iteratively processed 
with the new market data. More particularly, the system iteratively determines the net present value for each of the 
four generic securities in the portfolio, via the counter in block 750. including each coupon, via the counter in block 760 
by correlating the coupon and maturity dates for the-generic issues with the data set for spot rates, via the counter in 
block 770; if a match occurs via test 780, the matching spot rate in the data set is used to calculate the NPV of the 

15 coupon, blocks 790 and 795. This is repeated for each coupon, J, via block 820, and each generic security in the 
portfolio. K. via block 830. If no match is found at test 780. the system tries the next security, via block 840. 
[0060] Once the NPV is set for all of the components in the portfolio, the system calculates the portfolio price, block 
850, the yield to maturity. YTM_F, block 860. and the portfolio duration, block 870. This information is displayed and 
made available to the associated network as an index, updated in real time by current price data, in a manner analogous 

20 to the S & P 500 and Dow Jones 30 Industrials at block 880. 

[0061] In a separate aspect of the present invention the foregoing index is used as the measure of current valuation 
in support of a futures market based on an underlying portfolio for the index. Through an interconnected data network 
augmented with access to centralized brokers by telephone connection, the system offers automated electronic exe- 
cutions of futures and options contracts on the index for. e.g., treasury notes and their corresponding cash security 

25 equivalents. 

[0062] By viewing through vendors In real time the price and yield of the portfolio, Index traders, Investors, pension 
fund managers, and other participants make determinations of market valuations of the duration sized portfolio. In so 
doing, bid, offer and execution decisions are implerhented instantaneously by traders. These decisions are enacted 
through computer terminals that are interconnected through International data networks and processors to effectuate 
30 in real time the display of quantities for bids and offers and the 'hitting' and 'taking' of those bids and offers which then 
resuit in an executed trade. These trades are then electronically displayed and distributed to a clearing processor and 
at the same time to data vendors for redistribution to the worldwide financial community. 

[0063] One function of the futures transaction processor is the determination of the least expensive portfolio of se- 
curities deliverable pursuant to a futures contract at the delivery date. Futures contracts based on the index determined 

35 above will require delivery of a combination of securities having 2. 3, 5 or 1 0 year maturities that. In combinatbn, match 
the Index duration and further comprise at most 50% of any one issue (e.g. 3 year notes). Given this criteria, at the 
delivery date, the system scans the market for 2, 3, 5 and 10 year notes, testing each combination of current issues 
to provide the least expensive matching combination and providing a delineation of the least expensive combination. 
[0064] The system attributes described above may be more clearly understood In the context of the flow chart de- 

40 picted In Fig. 6. Beginning with block 900, the system collects in real time the market positions of participating fixed 
income security traders as expressed in their various bid. offer and trade price data. This information is collated and 
conformed to a common format, block 910, and coupled with the existing treasury database, block 920, to discern a 
futures conversion factor, block 930. 

[0065] The first operation IS to organize the data into respective maturities that are associated with the specific Index 
45 governing the futures contract obligations. This is represented by the selection processor, block 940. The data for each 
class of securities, i.e., 2, 3, 5 and 1 0 year maturities, is then sorted by price delineating the least expensive note within 
each class, block 950. The linear programming module, block 960, uses the sorted collection of notes in a minimalization 
algorithm that searches by trial and error for the least expensive portfolio that confomns to the delivery requirements 
of the futures contract. 

$0 [0066] The least expensive portfolio data is distributed three ways; first it is provided through the data vendorsiblock 
970, to the financial community. It is also directed to the options parameter processor, block 980. for support of the 
transactions on the various options exchanges. The least expensive portfolio data is finally processed forming a 'basis' 
quantifying the difference between the least expensive portfolio and the index value, block 990. This information Is 
likewise distributed to the various market participants and exchanges as diagrammed. In this manner, the actual real 

55 time index and least expensive portfolio values support the trading in futures and options contracts, with current valu- 
ation and delivery expense detemninations. 

[0067] The above-described arrangement is merely illustrative of the principles of the present invention. 
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Claims 

1. A method for operating a data processing system to provide an index corresponding to a pre-selected portfolio of 
fixed income securities spanning a specified term of maturity dates comprising the steps of: 

5 • 

collecting market price data (10) on a proper set of fixed income securities corresponding to the specified term 
of maturity dates from the close of trading including bid, ask and trade transaction data; 

collecting incoming asynchronous price data within seconds of actual changes in a security price on current 
10 . trades in terms of offer, bid and trade values forming a subset of securities within said proper set; 

qualifying the data (200 - 380) to insure individual price Information reflects true market determined pricing; 

processing said proper set of qualified data (400 - 580) to calculate a term structure of spot interest rates 
' IS spanning the maturities of said proper set of data; 

updating said term structure (600 - 670) using said incoming asynchronous price data, wherein said term 
structure Is shifted in accordance with market shifts as reflected in said Incoming asynchronous price data. 

20. wherein said updating of said term structure includes taking a convex combination (650, 660) of said incoming 
asynchronous price data for updating said Xem structure of other price data that is not current; 
and 

determining a composite price (700 - 890) of said portfolio of pre-selected fixed income securities in accordance 
25 with said updated term structure wherein said portfolio is expressed in terms of an index having a price, yield 

to maturity and duration. 

2. The method of claim 1 wherein said qualifying step comprises excluding data on securities having a bid- ask spreiad 
exceeding a pre-set maximum. 

30 

3. The method of claim 1 or 2 wherein said qualifying step includes excluding data on securities wherein current ask 
data is less than previously stored bid data. 

4. The method of any one of claims 1 to 3 wherein said calculating said term structure of interest rates includes the 
35 interpolation of price data for securities having maturities proximate to a security with a coupon date that does not 

correspond to a maturity date of other securities within the proper set. 

5. A data processing system for providing an index corresponding to a pre*selected portfolio of fixed income securities 
spanning a specified term of maturity dates comprising; 

40 

means for collecting market price data (10) on a proper set of fixed Income securities corresponding to the 
specific term of maturity dates from the ck)se of trading including bid, ask and trade transaction data; 

means for collecting incoming asynchronous price data within seconds of actual changes in a security price 
45 in terms of offer, bid and trade values on current trades forming a subset of securities within said proper set; 

means for qualifying the data (200 - 380) to insure individual price Information reflects true market detemnlned 
pricing; 

50 means for processing said proper set of qualified data (400 - 580) to calculate a term structure of spot interest 

rates spanning the maturities of said proper set of data; 

means for updating said term structure (600 - 670) using said incoming asynchronous price data, wherein said 
term structure is shifted In accordance with market shifts as reflected in said incoming asynchronous price data, 

55 

wherein said updating of said term structure includes taking a convex combination (650. 660) of said Incoming 

asynchronous price data for updating said term structure of other price data that is not current; 

and 
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means for determining a composite price (700 - 890) of said portfolio of pre-selected fixed Income securities 
in accordance with said updated term structure wherein said portfolio is expressed in terms of an index having 
a price, yield to maturity and duration. 

5 6. The system according to claim 5, wherein said system is a system to provide an index value corresponding to a 
portfolio of pre-selected generic issues expressed in terms of price, yield to maturity, and duration wherein said 
index is used to support a market in futures and options contracts corresponding to said Index portfolio and a 
means for sifting through current price data of securities corresponding to said generic issues and calculating a 
composition of current securities minimizing the cost of said portfolio for delivery pursuant to said futures contract. 

7. The system of claim 6 wherein said means to provide an index value includes data collection means for receiving 
data on a proper set of securities associated with the closing price of said securities as expressed by an established 
securities market. 

1$ 8. The system of claim 7 wherein said data collection means further includes means for receiving incoming asyn- 
chronous price data within seconds of actual changes corresponding to market activity at one or more markets 
trading fixed income securities. 

9. The system of any one of claims 6 to 8 wherein said generic issues are U.S. Treasuries having maturities of 2. 3. 
20 5, and 10 years. 

10. The system of claim 9 wherein said generic issues are priced in current terms and sorted by least expensive to 
deliver on a pre-selected date. 

25 

PatentansprQche 

1 . Verf ahren zum Betreiben eines Datenverarbeitungssystems, um einen Index vorzusehen, der einem vorgewahlten 
Portfolio aus festverzinslichen Wertpapieren entsprlcht, welche Ober einen angegebenen Zeitraurn von FSIIIgkelts- 
30 terminen laufen, umfassend die Schritte: 

Erfassen von Marktkursdaten (10) fur einen geeigneten Satz festverzinslicher Wertpapiere, die dem angege- 
benen Zeitraum von FSIIigkeitsterminen ab Bdrsenschluss entsprechen. einschlieBlich Daten Qber Geldkurse, 
Briefkurse und gehandelte Kurse; 

35 

Erfassen. binnen Sekunden nach tatsachlichen Anderungen in einem Wertpapierkurs, von eingehenden asyn- 
chronen Kursdaten uber aktuelle Abschlusse in Form von Briefkursen, Geldkursen und gehandelten Kursen, 
welche eine Untermenge von Wertpapieren innerhalb des geeigneten Satzes darstellen; 

40 Oberprufen der Eignung der Daten (200-380), um sicherzustellen. dass die einzelnen Kursinformationen die 

echte, vom Mari<t bestimmte Kursbildung widerspiegein; 

Verarbeiten des geeigneten Satzes von auf ihre Eignung uberpruften Daten (400-580), um eine Zinsstruktur- 
kurve von Kassazinssitzen zu berechnen, welche sich uber die Failigkeltstermine des geeigneten Satzes von 
45 Daten erstrecken; 

Aktualisieren der Zinsstrukturkurve (600-670) unter Verwendung der eingehenden asynchronen Kursdaten, 
wobei die Zinsstrukturkurve entsprechend Marktverschiebungen, welche in den eingehenden asynchronen 
Kursdaten widergespiegelt werden, verschoben wird; 

50 

wobei das Aktualisieren der Zinsstrukturkurve das Vomehmen einer konvexen Kombination (650, 660) der einge- 
henden asynchronen Kursdaten zum Aktualisieren der Zinsstrukturkurve anderer Kursdaten, welche nicht aktuell 
sind. umfasst; und 

55 Bestimmen eines zusammengesetzten Kurses (700-890) des Portfolios aus vorgewahlten festverzinslichen 

Wertpapieren gemaB der aktualisierten Zinsstrukturi^urve, wobei das Portfolio als Index zum Ausdruck ge- 
bracht wird, welcher einen Kurs. eine Ruckzahlungsrendite und eine Laufzeit aufweist. 
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2. Verfahren gemaB Anspruch 1 , wobei der Schritt des Oberprufens der Eignung das AusschlieBen von Daten Ober 
Wertpaplere umfasst, welche eine Spanne zwischen Geld- und Briefkurs aufweisen, welche ein vorelngestelltes 
Maximum ubersteigt. 

3. Verfahren gemaB Anspruch 1 oder 2, wobei der Schritt des Oberprufens der Eignung das AusschlieBen von Daten 
Ober Wertpaplere umfasst, wobei aktuelle Briefkursdaten geringer als zuvor gespelcherte Geldkursdaten sind. 

4. Verfahren gemaB einem beliebigen der AnsprOche 1 bis 3, wobei das Berechnen der Zinsstrukturkurve von Zins- 
satzen das Interpolleren von Kursdaten fur Wertpaplere umfasst, welche Falligkeitstermine in der Nihe dessen 
eines Wertpapiers mit einem Coupontermin aufweisen, welcher nicht einem Falligkeitstermin anderer Wertpapiere 
innerhalb des geeigneten Satzes entspricht, 

5. Datenverarbeitungssystem zum Vorsehen eines Indexes, der einem vorgewahlten Portfolio aus festverzlnslichen 
Wertpapleren entspricht, welche Ober einen angegebenen Zeitraum von Falligkeitstermlnen laufen. umfassend: 

Mittel zum Erfassen von Marktkursdaten (10) fur einen geeigneten Satz festverztnslicher Wertpapiere, die 
dem angegebenen Zeitraum von Falligkeitstermlnen ab Bdrsenschluss entsprechen. einschlieBlich Daten Ober 
Geldkurse. Briefkurse und gehandelte Kurse; 

f\;!ittel zum Erfassen. binnen Sekunden nach tatsachlichen Anderungen in einem Wertpapierkurs» von einge- 
henden asynchronen Kursdaten Ober aktuede Abschlusse in Form von Briefkursen, Geldkursen und gehan- 
delten Kursen, welche eine Untermenge von Wertpapieren innerhalb des geeigneten Satzes darstellen; 

h/littel zum OberprOfen der Eignung der Daten (200-380), urn sicherzustellen, dass die einzelnen Kursinfor- 
mationen die echte. vom Markl bestimmte Kursbildung widerspiegein; 

Mittel zum Verarbeiten des geeigneten Satzes von auf ihre Eignung uberpruften Daten (400-580), urn eine 
Zinsstrukturkurve von Kassazinssatzen zu berechnen. welche sich Ober die Failigkeitstennine des geeigneten 
Satzes von Daten erstrecken; 

Mittel zum Aktualisieren der Zinsstrukturkun/e (600-670) unter Venwendung der eingehenden asynchronen 
Kursdaten. wobei die Zinsstrukturkurve entsprechend Marktverschiebungen. welche in den eingehenden 
asynchronen Kursdaten widergespiegelt werden. verschoben wird; 

wobei das Aktualisieren der Zinsstrukturkun/e das Vornehmen einer konvexen Kombination (650. 660) der einge- 
henden asynchronen Kursdaten zum Aktualisieren der Zinsstrukturkurve anderer Kursdaten, welche nicht aktuell 
sind. umfasst; und 

Mittel zum Bestimmen eines zusammengesetzten Kurses (700-890) des Portfolios aus vorgewahlten festver- 
zlnslichen Wertpapieren gemaB der aktualisierten Zinsstrukturkun/e, wobei das Portfolio als Index zum Aus- 
druck gebracht wird. welcher einen Kurs. eine Ruckzahlungsrendite und eine Laufzeit aufweist. 

6. System gemaB Anspruch 5, wobei das System ein System zum Vorsehen eines Indexwertes 1st, welcher einem 
Portfolio aus vorgewahlten generischen Emissionen entspricht. welche in Form von Kurs. Ruckzahlungsrendite 
und Laufzeit zum Ausdruck gebracht werden, wobei der Index venvendet wird, um einen Markt in Futures- und 
Options-Kontrakten *zu unterstutzen, welche dem Indexportfolio entsprechen, urid eines Mittels zum Aussleben 
aktueller Kursdaten von Wertpapieren. welche den generischen Emissionen entsprechen, und zum Berechnen 
eIner Zusammensetzung aus aktuellen Wertpapieren. welche die Kosten des Portfolios fur die Lieferung gemdB 
dem Futures-Kontrakt minlmiert. 

7. System gem§B Anspruch 6. wobei das Mittel zum Vorsehen eines Indexwerts ein Datenerfassungsmittel zum 
Empfangen von Daten Ober einen geeigneten Satz von Wertpapieren, welche dem Schlusskurs der Wertpapiere 
zugeordnet sind, wie er durch einen etablierten Wertpapiermarkt zum Ausdruck gebracht wird. umfasst. 

8. Systeni gemSB Anspruch 7, wobei das Datenerfassungsmittel ferner ein Mittel zum Empfangen eingehender asyn- 
chroner Kursdaten binnen Sekunden ab tatsdchlichen Anderungen. welche der Marktaktivitdt auf einem oder meh- 
reren M&rkten entsprechen. welche festverzinsliche Wertpapiere handein, umfasst 
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9. System gema3 einem beliebigen der Anspruche 6 bis 8. wobei die generischen Emisslonen Emissionen des US* 
Schatzamtes mil Laufzeiten von 2, 3» 5 und 10 Jahren sind. 

10. System gemaB Anspruch 9. wobei die generischen Emissionen zu aktuelien Kondilionen bepreisl und danach 
sortiert werden, welche an einem vorgewahlten Termin am preisgOnstlgsten gelrefert werden konnen. 



Revendications 

1. Precede de mise en oeuvre d'un systeme de traitement de donnees pour fournir un indice correspondant a un 
portefeuille preselectionne de titres h revenu fixe couvrant une p6riode sp6cifi§e de dates tf6cheance, comprenant 
les etapes qui consistent k : 

recueillir des donnees de cours du marclie (10) sur un jeu convenable de titres a revenu fixe correspondant 
k la p^riode sp6cifiee de dates d'6ch§ance k partir de la cloture des operations, comprenant des donn6es 
relatives aux offres, aux demandes et aux transactions ; 

recueillir de donnees de cours asynchrones entrantes dans les secondes suivant les changements reels du 
cours d'un titre concemant les operations courantes en termes de valeurs d*off res et de transactions formant 
un sous-jeu de titres au sein dudit jeu convenable ; 

qualifier les donnees (200-380) pour s'assurer que Unformation en matidre de cours individuel reflate la pris6e 
r6elle determines par le march^ ; 

traitor ledit jeu convenable de donnees qualifiees (400>580) de maniere a calculer une structure de dur^e des 
taux d'interet sur le marche libre couvrant les echeances dudit jeu convenable de donnees ; 
actualiser ladite structure de duree (600-670) en utilisant lesdites donn6es de cours asynchrones entrantes. 
etape au cours de laquelle ladite structure de duree est decalee en fonction des d6calages du march6 tels 
que refletes par lesdites donnees de cours asynchrones entrantes ; 

precede dans lequel ladite actualisation de ladite structure de dur^e comprend la prise d'une combinaison 
convexe (650, 660) desdites donnees de cours asynchrones entrantes pour actualiser ladite structure de duree 
d'autres donnees de cours qui ne sont pas courantes ; et 

determiner un cours composite (700-890) dudit portefeuille de titres k revenu fixe pr6seiectionne en accord 
avec ladite structure de duree actuaiisee, ledit portefeuille etant exprimS en terme d'un Indice ayant un cours, 
un rendement actualist et une duree. 

2. Precede selon la revendicatlon 1 , dans lequel ladite etape de qualification comprend Texclusion des donn6es 
relatives aux titres ayant un ecart offre-demande superieur a un maximum predetermine. 

3. Precede selon la revendicatlon 1 ou 2, dans lequel ladite etape de qualification comprend I'exclusion des donnees 
relatives aux titres dans lesquels les donnees relatives aux demandes courantes sont inferieures aux donnees 
relatives aux offres precedemment memorisees. 

4. Precede selon Tune quelconque des revendications 1 k 3, dans lequel ladite etape de calcul de ladite structure 
de duree des taux d'interets comprend I'interpolation de donnees de cours pour les titres ayant des echeances 
proches d'un titre avec une date de coupon qui ne correspond pas k la date d'echeance d'autres titres au sein du 
jeu convenable. 

5. Systeme de traitement de donnees pour foumir un indice correspondant k un portefeuille preselectionne de titres 
a revenu fixe couvrant une duree specif lee de dates d'echeance comprenant : 

un moyen pour recueillir des donnees de cours du marche (1 0) sur un jeu convenable de titres k revenu fixe 
correspondant a la duree specifiee de dates d'echeance a partir de la cloture des operations comprenant des 
donnees relatives aux offres. aux demandes et aux transactions ; 

un moyen pour recueillir de donnees de cours asynchrones entrantes dans les secondes suivant les change- 
ments reels du cours d'un titre en termes d'offre et transactions, et formant un sous-jeu de valeurs au sein 
. dudit jeu convenable ; 

un moyen pour qualifier les donnees (200-380) pour s'assurer que Tinfonnation en matiere de cours individuel 
refiete la prisee reelle detenninee par le marche ; 

un moyen pour trailer ledit jeu convenable de donnees qualifiees (400-580) de maniere a calculer une structure 
de duree des taux d'interdt sur le marche libre couvrant les echeances dudit jeu convenable de donnees ; 
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un moyen pour actualiser ladite structure de dur6e (600-670) en utilisant lesdites donn6es de cours asynchro- 
nes entrantes. etape au cours de laqueile ladite structure de dur^e est d^cal^e en fonction des d^calages du 
march6 tels que refl6t6s par lesdites donn6es de cours asynchrones entrantes ; 

systfeme dans lequel ladite actuallsation de ladite structure de dur^e comprend la prise d'une combinaison 
convexe (650, 660) desdites donn^es de cours asynchrones entrantes pour actualiser ladite structure de duree 
d'autres donn§es de cours qui ne sont pas courantes : et 

un moyen pour determiner un cours composite (700-890) dudit portefeuille de litres a revenu fixe pr6s6lec- 
tionn6 en accord avec ladite structure de dur^e actualls^e, ledit portefeuille 6tant exprim^ sous la forme d'un 
Indice ayant un cours, un rendement actualist et une dur^e. 



6. Syst^me selon la revendication 5, dans lequel ledit syst^me est un syst^me fournissant une valeur d'Indice cor- 
respondant k un portefeuille d'emissions g^n^rtques pr^s6lectlonn§es exprlmee en termes de cours, rendement 
actualist et duree, ledit indice ^tant utilise k I'appui d'un march§ dans les contrats k terme et d'optlons correspon- 
dant audit portefeuille a Indice et un moyen pour passer au crible les donn§es de cours courantes des titres cor- 

15 respondant auxdites emissions generiques et calculer une composition de titres courants reduisant au minimum 

le coOt dudit portefeuille pour d^llvrance confonn§ment auxdits contrats k terme 

7. Syst^me selon la revendication 6, dans lequel ledit moyen fournissant une valeur d'Indice comprend un moyen 
pour recueillir des donnees de mani^re a recevoir des donn^es relatives a un jeu convenable de titres assocl6s 

20 au cours de cl6ture desdites titres tel qu'exprime par un march§ de titre 6tabli. 

8. Syst^me selon la revendication 7. dans lequel ledit moyen pour recueillir des donnees comprend en outre un 
moyen de reception de donnees de cours asynchrones entrantes dans les secondes sulvant les changements 
reels correspondant a I'actlvite du marche au niveau d'un ou de plusleurs marches executant des operations sur 

2$ des titres a revenu fixe. 

9. Syst^me selon Tune quelconque des revendlcattons 6^8, dans lequel lesdites emissions generiques sont des 
bons du tr^sors des E.U.A. ayant des dchdances ^ 2, 3, 5 et 1 0 ans. 

30 10. Syst§me selon la revendication 9, dans lequel lesdites Emissions generiques sont prisees en termes courants et 
triees k partir de la moins chere k deilvrer k une date preseiectionnee. 
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